Objective: In the present study, simultaneous determination of degree of crystallinity content in abacavir (ABC), lamivudine (3TC) and neverapine (NVP) from there combination drug product using X-ray powder diffraction (XRPD) technique is developed and validated. Methods: The X-ray procedure for the identification and determination of the degree of crystallinity in ABC, 3TC and NVP drug product is developed and validated. It is based on the X-ray diffraction from crystalline region of the drug product. The characteristic peaks of the three drugs were characterized using XRPD. Results: ABC, 3TC and NVP concentrations ranging from 70% to 130% in drug product were prepared and linearity in this concentration range is described. The % coefficient of variation (%CV) was found to be 0.9982 for ABC, 0.9978 for 3TC and 0.9984 for NVP. The mean recoveries were found to be 100.3% for ABC, 99.0% for 3TC and 100.8% for NVP. Regressions statistics and Analysis of variance (ANOVA) table results were evaluated and found to be satisfactory. Conclusions: The method has been applied to unknown mixtures of drug formulations and stability samples. The proposed method can be useful in the quality control of combination drug products.
Introduction
The managing of human immunodeficiency virus (HIV) includes the use of multiple antiretroviral, since single drug therapy becomes ineffective due to development of HIV resistant strains. According to treatment guidelines antiretroviral regimen should contain at least two nucleoside analogue reverse transcriptase inhibitors (NRTIs) and one non-nucleoside reverse transcriptase inhibitor (NNRTI) in a fixed dose combination. 1, 2 An example of such combination is ABC, 3TC and NVP, which is very efficient in the treatment of HIV. Abacavir (ABC) is a nucleoside reverse transcriptase inhibitor (NRTI) with activity against Human Immunodeficiency Virus Type 1 (HIV-1). ABC is phosphorylated to active metabolites that compete for incorporation into viral DNA. Intracellularly, ABC is converted by cellular enzymes to the active metabolite carbovir triphosphate, an analogue of deoxyguanosine-5 0 -triphosphate (dGTP). Chemically ABC is [(1S, 4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl] cyclopent-2-en-1-yl] methanol. 3e5 Lamivudine (3TC) is a nucleoside reverse transcriptase inhibitor (NRTI) with activity against Human Immunodeficiency Virus Type 1 (HIV-1) and hepatitis B (HBV). 3TC is a synthetic nucleoside analogue and is phosphorylated intracellularly to its active 5 0 -triphosphate metabolite, lamivudine triphosphate (L-TP). Chemically 3TC is 4-amino-1-[(2R, 5S)-2-(hydroxymethyl)-1, 3-oxathiolan-5-yl]-1, 2-dihydropyrimidin-2-one. 6e8 Neverapine (NVP), is a nonnucleoside reverse transcriptase inhibitor (NNRTI) used to treat HIV-1 infection and AIDS. Neverapine falls in the non-nucleoside reverse transcriptase inhibitor (NNRTI) class of antiretrovirals. 9 Chemically NVP is 11-cyclopropyl-4-methyl-5,11-dihydro-6H-dipyrido [3,2- 
The objective of the present study is to describe an X-ray diffraction quantitative method for the simultaneous estimation of degree of crystallinity of ABC, 3TC and NVP in a triple composition drug product. The X-ray diffraction pattern consists of information about peak positions and intensity, which are indicative of the crystal structure, composition and symmetry of the contributing phase. The peak intensities reflect the total scattering from the each plane in the phase's crystal structure, and are directly dependent on the distribution of particular atoms in the structure. The diffraction intensity equation is summarized below: 11, 12 In the present study regression analysis is carried out to establish the equation that best describes the linear relationship between instrument response (y) and analyte level (x). The relationship is given by the equation of the line, y ¼ mx þ c where m is the gradient of the line and c is its intercept with the y-axis. Linear regression establishes the values of m and c, which best describes the relationship between the data sets. The equations for calculating m and c are given as follows:
The correlation coefficient (R) is a measure of the strength of the degree of correlation between the y and x values. R can take any value between þ1 and À1; the closer it is to 1, the stronger the correlation. R is given by the following equation.
where x i and y i are the value on x-axis and y-axis, x and y are the mean of x i and y i values and n is the number of calibration points. The parameters related to R are R 2 and adjusted R 2 . R 2 is often used to describe the fraction of the total variance in the data which is contributed by the line that has been fitted. Ideally, if there is a good linear relation, the majority of variability can be accounted for by the fitted line. R 2 value is close to 1. The adjusted R 2 value is interpreted in the same way as R 2 but is always lower. It is useful for assessing the effect of adding additional terms to the equation of the fitted line (e.g., if a quadratic fit is used instead of a linear fit). The R 2 value always increases on the addition of an extra term to the equation, but this does not mean that the extended equation is necessarily a better fit of the data. The adjusted R 2 value is more useful in such cases as it takes account of the reduction in the degrees of freedom, which occurs each time an additional term is added to the equation of the line and therefore does not automatically increase on addition of extra terms. Another important parameter in regression analysis is Residual standard deviation (or standard error), which is a statistical measure of the deviation of the data from the fitted regression line. It is calculated using the following equation:
where y i is the observed value of y for a given value of x i ,ŷ i is the value of y predicted by the equation of the calibration line for a given value of x i and n is the number of calibration points. Analysis of variance (ANOVA) table for the regression is produced in regression analysis. In ANOVA table the sum of squares terms (SS) represent different sources of variability in the calibration data. The regression term represents the variability in the data that can be accounted for by the fitted regression line. The residual term is the sum of the squared residuals. Each mean square (MS) term is simply the sum of squares term divided by its degrees of freedom. The F value is the ratio of the regression MS term to the residual MS term. The significance F value represents the probability of obtaining the results in the ANOVA table if there is no correlation between y and x values, i.e., obtaining the results by chance. A small value indicates that the results were unlikely to have happened by chance, indicating that it is highly likely that there is a strong relationship between the y and x values. For a calibration curve to be of any use the significance F value should be extremely small. This value is also known as the p-value. To our knowledge, based on extensive review, no efforts have been made in published literature to determine the degree of crystallinity simultaneously in ABC, 3TC and NVP combination drug product, determination of regression statistics and evaluation of ANOVA table parameters.
Experimental
The three drugs ABC, 3TC and NVP were conformed using PXRD. The required concentrations ranging between 70% and 130% were prepared accurately using high Sensitive Microbalance (Mettler Toledo XP2U, Max 2.1 g-Min-1 mg).
PXRD analysis
Diffraction patterns were collected using Bruker D8 advance X-ray diffractometer with Cu anode and Lynx eye detector. ABC, 3TC and NVP were scanned from 3 2q to 45 2q, with step size 0.01 2q and time per step of 0.1 s for the identification purpose. After selecting the non-interfering peak, the patterns of spiked standards were collected from 12 2q to 21 2q, with step size 0.01 2q and time per step of 0.72 s.
The instrument was operated at 40 kV generator voltage and 40 mA generator current. Variable divergent slit and Anti scattering slit were used of V 20 mm, Nickel filter was used in secondary beam path. Eva software was used for data processing and evaluation. Approved raw material of ABC, 3TC and NVP assigned against primary reference standard is used for the study. The chemical structures are represented in Fig. 1 . Spiked standard concentrations were prepared by geometrical mixing of ABC, 3TC, NVP and placebo. Average weight of tablet is 394 mg, which contains about 69 mg of abacavir sulphate which is equivalent to 60 mg of abacavir, 30 mg of lamivudine and 50 mg of neverapine. Eleven standard blend mixtures were prepared whose average weight is calculated about 500 mg for convenient packing in sample holders. The ratio of ABC, 3TC and NVP taken for the method development and quantitative determination of crystallinity in final drug product are tabulated in Table 1 . 
Method validation
The proposed method was validated with respect to selectivity, linearity, precision and recovery. 18 
Selectivity
The selectivity of the method was determined to make sure that ABC, 3TC and NVP characteristics peaks were well separated and free from interference of Placebo in the drug product.
Linearity
Standard sample preparations with concentration range of 70%e130% were prepared by spiking ABC, 3TC and NVP in placebo. Standard calibration curve was constructed by plotting the peak areas of ABC, 3TC and NVP against the corresponding concentrations of standard samples. Linear regression equation and correlation coefficient were determined.
Precision
The precision of this analytical method is expressed as the relative standard deviation of a series of measurements. Spiked standard concentrations of ABC, 3TC and NVP at 95%, 105% and 110% concentration levels were prepared and scanned for three times.
Recovery
Three concentrations of ABC, 3TC and NVP in placebo i.e., 95%, 105% and 110% were prepared and three replicates of each concentration are scanned.
Results and discussion
The three drugs ABC, 3TC and NVP were identified and characterised using PXRD and the overlay of the diffractogram of the drugs are represented in Fig. 2 Table 2 . Form this information we can select non-interfering peaks of ABC, 3TC and NVP which are used in the creation of calibration curves. The standard calibration curves (Fig. 3.) were constructed by plotting spiked standard preparations against Net area (counts per seconds (Cps) Â 2q ). Overlaid diffractograms of different spiked standard preparations are represented in Fig. 4 . The standard calibration curve for ABC, 3TC and NVP was linear over a concentration range of 70%e130%. The correlation coefficient (R 2 ) was 0.9982 for ABC, 0.9978 for 3TC and 0.9984 for NVP, which are well within acceptable limit. 18 Linear regression equations of ABC, 3TC and NVP were found to be y ¼ 0.0578x e 0.1, y ¼ 0.219x e 14.511 and y ¼ 0.0832x e 4.9302 respectively. Three standard preparations at 95%, 105% and 110% level were prepared and measurements are collected for three replicates and corresponding peaks of ABC, 3TC and NVP were integrated for the evaluation of precision, recovery, accuracy and reproducibility (Table 3 ). The mean recovery values of 100.3% for ABC, 99.0% for 3TC and 100.8% for NVP were obtained. Average recovery for each drug was above 99%. The low %RSD value obtained by the triplicate measurement of each of the concentration of ABC, 3TC and NVP indicates that the method is precise and reproducible.
Regression statistics are evaluated for prepared spiked standard concentrations versus Net area obtained. Parameters like multiple R, R 2 , Adjusted R 2 and Standard error are assessed. The correlation coefficient R (Multiple R), R 2 and Adjusted R 2 values for ABC, 3TC
and NVP are tabulated in Table 4 . The correlation coefficient (R) for ABC, 3TC and NVP is 0.999083539, 0.998905611and 0.99918471 respectively indicating the stronger relationship. R 2 and adjusted R 2 are the parameters related to R and they provide us the information about fraction of the total variance in data added by the fitted line. Adjusted R 2 value is always lower than R 2 value. Analysis of variance (ANOVA) table for the regression is constructed and is represented in Table 5 . The sum of squares terms (SS) and the regression term represents different sources of variability in the calibration data that can be accounted by the fitted regression line. The SS values for ABC, 3TC and NVP are 12.78769363, 183.535355 and 26.20613828 respectively. Since these values are large we conclude that there is a good linear relationship and the fitted line will describe majority of variability in response with concentration and this is also confirmed by the low residual values i.e., 0.023471102 for ABC, 0.402378604 for 3TC and 0.04263845 for NVP. The mean square term is the ratio of SS term to its degree of freedom (df) and the F value (which is the ratio of the regression MS term to the residual MS term) for ABC, 3TC and NVP are found to be 4903.444352, 4105.134271 and 5531.515396 Table 5 . These represent the extremes of the values that the gradient and intercept could take. Since the t-stat value is larger number and p-value greater than 0.05 for regression at 95% confidence level we can say that they are statistically significantly different from zero. In order to assess the validity of the developed XRPD method it has been applied in the determination of crystalline content of drug formulation of unknown compositions initially and kept at different stability conditions. The results are evaluated from their respective calibration models. The results obtained are tabulated in Table 6 . From the results obtained we conclude that the proposed method can be applied easily to analyse large number of samples to determine crystallinity content of drug product. Ideal residual plots are obtained for ABC, 3TC and NVP and are scattered randomly around zero Fig. 5 .
Conclusion
Powder X-ray diffraction can be a viable method to monitor % crystallinity stability of the active pharmaceutical ingredient in tablet formulations. Here it is shown that XRD measurements of the drug formulations under study were able to detect crystallinity content truly. Regression statistics and ANOVA table results demonstrates the adequacy of the method.
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